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INTRODUCTION

The Coachella distribution system will convey the water to the

various irrigated tracts through a covered precast concrete piping sys-

tem. In general, 1t was vproposed to use weirs for measuring the pipe
fiow and as baffles for the diversion of water to turmouts upstream
from the weir where no demand for water downstream thereof existed.
The turnouts include a measuring device for metering the flow to
individual users. Some of the mainline measuring weirs become quite
large 2nd as a considerable rmmber of them would be required, it
seemed advisable to consider some other means of measuring the pipe-
line flow. It apveared that the pipeline orifice might prove satis-—
factory as well as reduce the initial-cost of the installation and
for this reason, studies were instigzated to determine the applica-

bility of the orifice.

THE SCOFE OF STUDY

The study consisted of avalueting the head losseas across various
orifices for the aprlicable range of prototyve discharges 2nd deter-
mining the avvroximate differentinl gage readings for the maximum and
minimum flows. In addition, a 3-inch orifice was placed in a G6-inch
vipe and tested with and without s deposit of sediment zgalast the

upstream orifice face.




‘THE MODEL

The model for determining the effect of daposits {mmediately
upstream of the orifice plate consisted of s length of 6-inch trans—
parent pive with a 3-inch orifice at the downstream end. The trans-
parent pipe was connected to a 6-foot length of 6-inch dbrass pips,

which in turn, was connected to the laboratory metering system.
THE INVESTIGATION

The laboratory investigation consisted of (1) calibrating the
orifice without sediment or other foreign material in the pipe; (2)
repeating the vrocedure with the pipe filled with ssnd to the lower edge
of the orifice; and (3) the calibration of the orifice with a trianmular
wedge of molding clay placed immedictely uﬁstream of the orifice to sim~

ulate a bonded sediment.

The head-discharge and the coefficlent curves for flow with mo

sediment in the pipe are shown on Figure. 1., Simllar curves for dis-
charge with the clay filler in the.pipe are also shown on Figure 1. ‘
The clay filler dafin;tely increased the coefficient pr discharge. The
maximum coefficient for the clean pipe was 0.525 and with the clay filler |
in place it increased to 0.650. This would recresent & change in dis-
charge of 3.8 percent for identical heads on the orifice or an error of
the same amount ih discherge. This would simulate a cage“in the field
vwherein the orifice was in an ectual inetellation and later the pipe
filled with 2 bonded sediment, ‘

The tests with unbonded sand in the pipe revealed that at very low
heads, as well 28 at the high heads, the material moved downstream and
through the orifice with the mate;ial‘adjacent to the orifics plate mov-
ing first. This would indicste that loose siif and sand would not deposit
azainst the orifice and that uany loose sediment which might cellect at |
this point, when there was no Tlow, would nmove downatream when flow
through the orifice was resumed, A uaerf!cient'waa nct obtained for this




condition because the sand did not remaln long enoursh to obtain
preasure measurementa,

The remainder of the investigation involved computing orifice sizes
end corresvonding pive sizes, head losces, and vressure differentisls for

a variety of discharges. This was done as follows:

Referring to the above diagram:
a
B = a—-—
2
The orifice discharge is given by Q = CALEghO. Substituting for the area

02
2nd aeolving for h,, the equation becomes h_ = _& . This when sub-
° 0% 5T
~. C nf1¢8
"~ gtituted in the loss equation K = h, (1 - BZ) givea:
ozd!.'
¥Ce nedl” orp
1-38
v 2
g=Cn dl
o g(1 - B9)
By varying B with 'C eccording to the following tsble which was obtained
from Trans. A.S.M.E. Volume 58, 12356, Figure 1, Page 595.

c

B
o.go C.60
0.0 .0.61

0.50 0.625
0. 60 0.650
0.70 0.690




holding K constant and varying dl’ a family of curves with Q plotted

againat d 2 as shown on Figure 2 was odbtained. Since K = hy (1 - B2),

1

hy = K ~ and as B is constent for a particular curve and K 1is
1 - B2 ’

constant for the family of curves, each curve represents a fixed h, as
well ae & constant 5. These values are shown on Flgures 2 to 6 inclusive.

The curves were intended to be used as follows: If the maxlmum
flow in the pipe line is 70 second-feet and if the maximum head loas
across the orifice should not exceed 1 foot, then to find an orifice
eize, enter ths curve of Plgure 2 on the line showing 70 cfs until 1t
intersecte the B lines. From the curves it is possible tc obtain five
orifice aizes which will have a loss of 1 foot. They are 3.h1;.3.69,
3.93, 4,09, and 4,20 feet and heve corresponding velues of hy = 1.96,
1.56, 1.33, 1.19, end 1.10. The choice between the five depends upon
whether or not the gage reeding h, at minimum discharge will be suf-
ficient to give an accurate indication of the discharge; or if two or
more meet this requirement, economic considerations will govern. The
gage reeding at minimum discherge (assumed to be 10 percent of meximum)
was determined from h, =02 23 Qi end gave minimunm gage readinge es

n 1 K
follows: d, = 3.42 the min h =0.0192, 4, = 3.6S the min h, = C.0157,
d, = 3.93 the pin h = 0:01%2, d; = 4,09 the nin h = C.0116, 4, = k.20
the min h, = 0.0110. All of these differentials are low for an accurate
determination of the minimum discharge and indicate that a larger crifice
loss {8 necessary or that the orifice ia not vractical.

Aseuming that the reading of 0.01G2 will give sufficient accuracy
at minimm discharge then the pipe size is determined from B = i&; where
0.70 d2 = 3.41 or d2 = 4,87 féet. On this basis the measuring fection
would consist of an orifice 3.41 feet in diameter placed inside of a
pipe U.87 feet in diameter having expanding and reducing sections to
conforrm to the normal pipe line section. In addition a water menometer

would be necessary to measure the differentizl head.




In all, five families of ocurves were plotted on Figures 2, 3, 4,

5, end 6, which sufficed to cover the tyvicel cases on the Coachella

distribution system, Thesea curves were used to determine the orifice
8ize, corresponding head losa, and gage reading for a nmumber of typical
metering installations. It wee learned that to meke the orifices
satisfactory they must be submerged for all flows. To accomodate this
condition at low flows it would have been necessary to install a haffle
in the line with practically every orifice. The baffle loas was equivalent
to the weir loss which when added to the orifice loss would have necee-
sitated increasing the pive diametar over that required for the weir meas-
uring system. The incrrased cost of the larger plpe added to the cost of
a reguler orifice measuring section affect the advantages of the orifice
to such an extent that the welrs were conside.2d more vractical.
CONCLUSIONS

While the orifice is a satisfactory meazuring device for use in a
vive line, its use was not sulted to the Coachella distribution system
because of the necessity of constructing baffle toxes, in connection with
the orifices to keep the measuring sections comvletely fil'ed at all flows,
In addlition, other baffles similar to a weir were necessary to create suf-
ficient head under certain circumstances to divert flow through turnouts
from the main line. The use of these baffles introduced a head loss nearly
equal to that obtained from a weir, which when added to the orifice loss,
was suflicient to necessitate increasing the plpe size to compensate for
the increased loss. The cost of increesing the nipe size greatly offset
what first anneared tc be an economy. TFor this reeson, and the fact that
measnring weirs could also be used as diveraion baffles, the weirs were

considered superior to the orifices for the Ccachella installation.
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FIGURE 2
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FIGURE 3
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FIGURE 4
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FIGURE 6
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